Toxoplasmosis, a cosmopolitan zoonosis, is caused by an apicomplexan, obligate, intracellular protozoan parasite, Toxoplasma gondii. Nearly all animals, including humans, are at risk owing to its broad geographical distribution. The authors searched published data related to T. gondii in databases, including Google Scholar, PubMed and Science Direct for South Asian countries, and retrieved a total of 113 articles fulfilling the criterion of seroprevalence investigation. Toxoplasma gondii infection in livestock and humans was investigated using various serological tests. In these studies, a total of 14,431 samples from domestic animals and 53,899 samples from humans were screened for anti-T. gondii antibodies in all South Asian countries. Among the animals, cattle (n = 1,981), goats (n = 3,285), buffaloes (n = 1,695), sheep (n = 1,747), cats (n = 1,480), camels (n = 435), elephants (n = 45), pigs (n = 920), dogs (n = 1,604) and poultry (n = 1,206) were tested. This comprehensive review will be useful to biologists, public health workers, physicians and veterinarians and provides a better understanding of the distribution of T. gondii in this region. Furthermore, this knowledge will support efforts to find and apply effective prevention measures to better manage this zoonosis in South Asian countries.
Introduction
The intracellular protozoan parasite Toxoplasma gondii is found worldwide and causes toxoplasmosis in a variety of hosts, including nearly all mammals and birds (1) . It has the potential to infect every nucleated cell of an individual and is one of the most successful eukaryotic pathogens. It is of major medical and veterinary importance (2) , being associated with huge economic losses worldwide (1, 3) . The medical importance of the parasite was first identified in 1939 when T. gondii was diagnosed in a congenitally infected newborn baby (4) . Many studies have shown that one in three people is seropositive for this infection, indicating that chronic infection is common (1) . The parasite has three infective stages: tachyzoites, bradyzoites (5) and sporozoites. Tachyzoites are the rapidly dividing stage transmitted congenitally or through blood transfusion (4), while bradyzoites are transmitted by ingestion of meat or organs from an infected animal (6) . Oocysts are shed in the faeces of infected felids (definite hosts) and sporulated oocysts are transmitted via contaminated food or water to intermediate hosts (7, 8) .
In this review article, the authors summarise the results of sero-epidemiological studies of T. gondii in the South Asian Association for Regional Cooperation (SAARC) countries.
Maldives, Nepal, Pakistan and Sri Lanka. The policies of SAARC aim to promote advancements in economic, social and cultural development within the South Asian region, to allow better cooperation with other developing countries.
Studies to determine the seroprevalence of T. gondii are not only important for human health but also highly valuable for the livestock industry. Many studies from SAARC countries have reported cases of ocular, congenital and cerebral toxoplasmosis (9, 10, 11) . This article presents a comprehensive review of serological studies to detect infection with T. gondii in SAARC countries, as summarised in Figure 1 Finally, a total of 113 articles were retrieved that fulfilled the criterion of seroprevalence investigation (Fig. 2) . Specific anti-T. gondii antibodies in domestic animals and humans were investigated by various serological tests such as enzyme-linked immunosorbent assay (ELISA), latex agglutination test (LAT), direct agglutination test (DAT), indirect fluorescent antibody test (IFAT), modified direct agglutination test (MDAT), indirect haemagglutination (IHA) and modified agglutination test (MAT). Overall, a total of 68,330 animal (n = 14,431) and human (n = 53,899) samples were screened for anti-T. gondii antibodies in all South Asian countries. A wide variety of animals, including cattle (n = 1,981), goats (n = 3,285), buffaloes (n = 1,695), sheep (n = 1,747), cats (n = 1,480), camels (n = 435), elephants (n = 45), pigs (n = 920), dogs (n = 1,604) and poultry (n = 1,206), were included in the review (Fig. 3) .
The seroprevalence studies highlighted the extent of infection in these countries and helped to identify the risk factors for infection with T. gondii.
Pakistan
In Pakistan, estimation of T. gondii seroprevalence in humans indicates variation among geographical zones and age groups. Prevalences of 63%, 48% and 38% in Punjab, Azad Kashmir and Khyber Pakhtoon Khwa (KPK), formerly known as North-West Frontier Province (NWFP), have been reported, respectively (12) . In Islamabad, the capital of Pakistan, the prevalence of T. gondii was 17.4% in school-age children, based on an immunoglobulin G (IgG) ELISA (13) .
Besides its prevalence in humans, T. gondii seroprevalence has been estimated in livestock in all major cities of Pakistan, with a seroprevalence of 19% in small ruminants (sheep and goats) in Rahim Yar Khan. The prevalence was higher in goats (25.4%) than in sheep (11.2%) (24) . In Multan, T. gondii seroprevalence was significantly higher in beetle goats (57.14%) than in teddy goats (46.03; p < 0.05) (14) . On testing of 400 and 422 serum samples from cattle and buffaloes, respectively, by IgG and IgM ELISA, 19.75% of cattle and 15.16% of buffalo serum samples were found to be positive for T. gondii (15) . The overall number of positive samples included both IgG-and IgM-positive cases: IgG antibodies were found in 75 (18.75%) cattle and 58 (13.74%) buffaloes, while IgM antibodies, suggesting more recent infection, were found in 9 (2.25%) cattle and 10 (2.37%) buffaloes (15) . Five cattle and four buffaloes were positive for both IgG and IgM antibodies. Seroprevalence was significantly higher in females and in older animals of both species (p < 0.05) (15) .
The seroprevalence in cats and dogs was reported to be 26.43% (111/420) and 28.43% (116/408), respectively (16) . Seroprevalence studies (17, 18, 19, 20, 21, 22, 23, 24, 25) from many regions of Pakistan are summarised in Table I . Ramzan et al. (2009) , who compared the infection rate in different sexes of sheep and goats, found that the prevalence was significantly higher (p < 0.01) in ewes and does (24%) when compared with rams and bucks (19%) (24) .
The infection is widespread and has been reported from various geographical regions of Pakistan, with a higher prevalence in warm regions such as Multan and the cold zone of Malakand Agency (25) . Overall, in Pakistan, T. gondii seroprevalence was significantly higher in humans (65% to 71%) than in rats (58.57%), goats (52%), mice (36.66%), dogs (28.43), cats (26.43%), cattle (25%) and sheep (2.5%).
Bangladesh
Domestic animals used for meat and other products from the Mymensingh District of Bangladesh had a seroprevalence of anti-T. gondii antibodies of 12%, 32% and 40% in cattle, goats and sheep, respectively (26) . In the same study, a total of 15 women were tested and all were negative for anti-T. gondii antibodies (26) . In another study, sera from 205 cattle, 17 sheep and 306 goats were tested for T. gondii antibodies using a LAT (27 1 9 6 2 1 9 6 5 1 9 6 9 1 9 7 0 1 9 7 2 1 9 7 4 1 9 7 6 1 9 7 9 1 9 8 0 1 9 8 5 1 9 8 7 1 9 8 8 1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 (38) . In another study, Sharma et al. (2008) showed low seropositivity in the Indian Punjab in human and livestock populations (40) . One possible explanation offered was that cats are not commonly kept as pets in the Indian Punjab (40) . In Madras, the prevalence in poultry was recorded as 39.5% (41) . In India, the seroprevalence in pigs was 31.5% (42) . Overall, it has been reported that meat-producing animals such as sheep, goats and pigs are posing a threat, with a high prevalence of toxoplasmosis.
The parasite is more prevalent in humid and damp areas than in dry and hot environmental conditions (43, 44 
Nepal and other countries
Given the huge variety in the geography of Nepal, the prevalence varies by region. In the Eastern Terai community, 48.6% seroprevalence was reported by Rai et al. (1989) for T. gondii infection in humans (99) . This seroprevalence was lower than in studies from western and eastern Nepal. Seroprevalence was significantly higher in Indo-Aryans than in Tibeto-Burmans (99). The Indo-Aryan community lives at lower altitudes and they are reported to consume more mutton and pork. The prevalence was significantly lower in the Tibeto-Burman community, probably because they are inhabitants of higher altitude regions and consume less mutton and pork (99, 100) . Both pork and mutton play an important role in the transmission of human toxoplasmosis (101) . Similarly, the prevalence in District Chitawan was significantly higher than in District Mustang, which may be due to their relatively recent human migration and changing meat-eating habits (100, 101, 102, 103 
India
In adult humans, the prevalence of specific anti-T. gondii antibodies has varied in the reports from 5% to 80% (33) . In the first nationwide serological survey in humans, a total of 23,090 serum samples were tested for the presence of IgM and IgG antibodies (34) . Anti-T. gondii IgM antibodies, evidence of recent infection, were detected in 2% (n = 469) of the population and IgG antibodies, suggestive of longer-term infection, were detected in 24.3% (n = 5,611) of the population (34) . Geographical variation in the seroprevalence was observed, with the highest rate of infection in the southern Indian terrorities and a lower rate of infection in northern regions of India (34) . In another study, a total of 52 patients with congenital cataract were screened for anti-T. gondii antibodies. Specific anti-T. gondii IgM antibodies were detected in 3.8% of the patients (35) .
In southern India (the Caimbatore region), out of 249 samples tested during an outbreak of ocular toxoplasmosis, 178 were seropositive (36) . Similarly, congenital toxoplasmosis and toxoplasmosis in immunocompromised individuals, such as patients with acquired immunodeficiency syndrome (AIDS), toxoplasmosis was associated with malignancy in a woman with a history of obstetric disease (105) .
The prevalence of toxoplasmosis in livestock in Nepal has not been investigated. Similarly, in Afghanistan, Maldives and Bhutan, only one citation related to T. gondii infection in domestic animals was found, and no information regarding T. gondii infection in humans was available. Additionally, no published papers were obtained from the databases that describe T. gondii infection in Maldives and Bhutan but the pathogen is likely to be present because toxoplasmosis has been reported in surrounding areas in India, including Arunchal Pradesh, Assam and Nagaland, in free-ranging and captive mithuns (Bos frontalis). Several studies of the prevalence of toxoplasmosis in Sri Lanka (formerly Ceylon) have been published: the presence of anti-T. gondii antibodies was reported in rodents (106), dogs, cats (107) and humans (108) . Other studies (109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123) of the seroprevalence of toxoplasmosis in various species in Afghanistan, Bhutan, Nepal, Maldives and Sri Lanka are summarised in Table IV .
Conclusions
This paper reviews seroprevalence studies based on immunodiagnostics. The studies reviewed anti-T. gondii antibodies detected in animals, birds and humans in South bovins (n = 1 981), chèvres (n = 3 285), buffles (n = 1 695), moutons (n = 1 747), chats (n = 1 480), chameaux (n = 435), éléphants (n = 45), porcs (n = 920), chiens (n = 1 604) et volailles (n = 1 206). Ce panorama exhaustif sera utile aux biologistes, aux intervenants en santé publique, aux médecins et aux vétérinaires et permettra de mieux appréhender la distribution de T. gondii dans la région. Ces connaissances contribueront à concevoir et à appliquer des mesures de prévention efficaces afin de mieux gérer cette zoonose dans les pays d'Asie du Sud.
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